of our study was to examine the impact of obesity on the hospital and ICU mortality and length of stay in addition to duration of mechanical ventilation in a tertiary closed ICU in Saudi Arabia, and in particular to discern whether morbid obesity is associated with increased mortality.
METHODS
Data on all patients admitted to the Intensive Care Unit between September 2001 and May 2004 were included in the analysis from a prospectively collected ICU database. We excluded patients younger than 18, patients with burns or brain death and readmissions. We collected the following data: baseline demographics including gender, age and the type of admission with prespecified admission diagnoses. Acute Physiology and Chronic Health Evaluation II (APACHE II) 9 scores were recorded. Patients were followed until discharge from the hospital or death, whichever occurred first. The bedside nurse measured patients' height using a measuring tape and weight using the ICU weight-built beds. Body Mass Index (BMI) was calculated by dividing the weight (kg) by the square of height (metres). Patients were classified into six groups according to the classification defined by the National Heart, Lung and Blood Institute (NHLBI) 17 .
The groups were as follows: Underweight: BMI <18.5 kg/m 2 , Normal: BMI between 18.5 and 24.9 kg/m 2 , Overweight: BMI between 25 and 29.9 kg/m 2 , Class I Obesity: BMI between 30 and 34.9 kg/m 2 , Class II Obesity: BMI between 35 and 39.9 kg/m 2 and Class III Obesity (Morbid): BMI more than 40 kg/m 2 . ICU length of stay was calculated as number of calendar days of ICU stay. Mechanical ventilation duration (MVD) was calculated as number of calendar days on mechanical ventilation.
Continuous data were expressed as mean± standard deviation (SD) and compared using the student t-test or analysis of variance (ANOVA) as appropriate. Categorical data are expressed as percentage and compared using the chi-square test. All groups were compared to the normal BMI group (18.5-24.9 
RESUlTS
During the study period, there were 2370 admissions to the ICU, of which 1835 met the study inclusion criteria. There were a total of 535 (23%) patients who were excluded; 26 patients (5%) due to burns, 71 patients (13%) due to brain death, 330 patients (63%) due to readmission and 108 patients (20%) due to age less than 18y. Patients' demographics are shown in Table 1 . Sixty-two percent were males. Admission APACHE II was 21±9. The distribution of patients by BMI was as follows: 631 (34%) had normal BMI (18.5-24.9), 140 (8%) were underweight, 524 (29%) were overweight, 312 (17%) had BMI 30-34.9 kg/m 2 , 135 (7%) had BMI 35-39.9 kg/m 2 and 93 (5%) had BMI >40 kg/m 2 .
After stratifying patients according to their BMI, univariate analysis was performed. Table 1 shows baseline characteristics of these patients according to their BMI group.
Age was comparable to the normal BMI group except for patients with BMI 35-39.9 kg/m 2 who were slightly older at 55±15y (P=0.044). There was a trend toward higher percentage of female patients with increased weight since all the overweight groups had statistically higher percentages of females than the normal group. Severity of illness on admission reflected by APACHE II scores was similar among the groups. Table 2 depicts selected reasons for admission among the six groups. There were no significant differences in the selected reasons of the admission with few exceptions: patients with BMI >40 kg/m 2 were more commonly admitted with Acute Respiratory Distress Syndrome (ARDS), medical reasons and had chronic respiratory illness and less commonly with trauma when compared to patients with normal BMI. Table 3 shows the outcome data for the six groups. Although hospital lOS as well as mechanical ventilation duration were similar, the ICU lOS was two days shorter for patients with BMI 30-34.9 kg/m 2 (7±9, P=0.039). The ICU mortality ranged between 11 to 17% with no statistical difference. This was not the case for the hospital mortality, which showed lower mortality in patients with BMI 35-39.9 kg/m 2 and >40 kg/m 2 , and was in fact the lowest for patients with BMI >40 kg/m 2 (21%, P=0.039). Table 4 showed the results of multivariate analysis examining the impact of BMI >40 kg/m 2 on the outcome. The following variables were introduced in the model: BMI >40 kg/m 2 (versus normal BMI), chronic respiratory illness, gender, age, medical and trauma admission types. We found that BMI >40 kg/m 2 and having chronic respiratory illness were associated with better survival [odds ratio 0.51 CI (0.28-0.92) P 0.025; odds ratio 0.39 CI (0.21-0.74) P=0.004 respectively]. On the other hand, age and medical type of admission were associated with higher hospital mortality. 
DISCUSSION
Our study demonstrates that the group with BMI >40 kg/m 2 is not associated with increased mortality in intensive care. In fact, our data suggests possible protective effect of BMI >40 kg/m 2 . In our study the prevalence of patients with BMI >30 kg/m 2 in the ICU population is relatively similar to the pattern of obesity observed among the ICU population in the studies previously reported 7, 8 .
No major heterogeneity was demonstrated even though the groups were not intentionally matched. Despite the fact that the obese group was slightly older and had more females, the six groups were rather similar in regard to severity of illness on admission to ICU, which is reflected by similar APACHE II scores. The group with BMI >40 kg/m 2 had fewer cases of trauma which in our opinion can be explained by the predominance of female gender in this category who are by convention less subject to motor vehicle accidents than males. The higher percentage of chronic respiratory illnesses in this particular group is probably due to obesity per se which affects the values of pulmonary function testing and is associated with sleep disorder breathing syndromes.
However, the hospital mortality rate was lower for patients with BMI 30-34.9 kg/m 2 and BMI >40 kg/m 2 and especially for patients with BMI >40 kg/m 2 as it was the lowest among the groups. In multivariate analysis, BMI >40 kg/m 2 was an independent predictor of lower hospital mortality.
What can be the reason for this surprising and unexpected lower rate of mortality among the morbidly obese? Similar findings were shown previously by Marik and coworkers 8 who studied outcomes of 48176 patients from 101 ICUs participating in project IMPACT and found that the ICU and hospital mortality rates were less in the morbidly obese (BMI>40) patients (10.4% vs 15.3% respectively P<0.001). Similarly, galanos et al in a prospective, multicentre study of 4103 critically ill patients found lower mortality rates for the group of BMI>30 18 .
Our study and many previous reports suggest that obesity may be actually protective. Proponents of this notion base their beliefs on two theories. Both theories are built on the adipose tissue functions. The first theory claims that the excessive adipose tissue in the morbidly obese patients serves as an energy store that is badly needed during the critical care state, which combines low nutritional supply with high catabolic state 8 . We believe that this theory alone is unlikely to explain the protective role of obesity since many of the morbidly obese are subject to the catabolic state during critical illnesses. The second theory explores the role of many hormones produced by the adipocytes, mainly leptin 8 . It has been noticed that leptin increases with increasing body fat mass. leptin impacts energy expenditure by its effect on the thyroid axis, growth hormone, neuroendocrine apparatus and autonomic system 19 . These effects may contribute to the survival benefit attached to obesity in critical illnesses.
However, there are other studies showing contrary results. A BMI higher than 30 was found as an independent risk factor for ICU mortality in the report published by Bercault et al 20 where the mortality rates for the obese were almost double the rates for those considered normal (32 vs 17%, P 0.01). This study was a matched cohort and was performed only on ventilated patients in one medical ICU.
El-solh 21 demonstrated higher mortality rates for the morbidly obese (BMI >40) than the non-obese (BMI <30 kg/m 2 ) (30% vs 17%, P=0.019). Mechanical ventilation duration and ICU length of stay were longer for the morbidly obese group. However, this study was retrospective, the two groups were not matched and no severity of illness scoring data was reported.
Flegal and colleagues 22 analysed the data from the National and Nutrition Examination Surveys (NHANS) conducted in three phases (1971-1975, 1976-1980 and 1988-1994) and estimated the relative risk of mortality associated with different levels of BMI. The investigators found that subjects with BMI <18.5 kg/m 2 and BMI >30 kg/m 2 have higher mortality in comparison to those with BMI of 18.5 to 25 kg/m 2 . Furthermore, the study found that the impact of obesity on mortality declined over time. The authors attributed this observation to improvement in medical care and public health.
In our study severity of illness was evenly matched across the groups. The severity of illness scores utilized in this study have been validated across a wide population of critically ill patients and represent an estimated mortality risk that is independent of the primary diagnosis 23, 24 .
To our knowledge this is the first study that examines the relationship between BMI and mortality in an ICU outside U.S.A. Our study has several strengths. Our data was collected prospectively by a fulltime dedicated data collector. Our unit is closed and is operated mainly by Critical Care Board certified intensivists, which makes the management rather homogenous. On the other hand our study has some limitations. The accuracy of the weight and the height of the critically ill patients may be a concern 25 . Errors in measurements may have an impact on the results. Our ICU beds are weight-built so the chance of errors is minimal. The bedside nurse may have occasionally estimated the heights although we have emphasised strict instructions to measure the height of all patients on admission to the ICU. Despite these concerns, we believe that the large sample size is likely to have minimized the impact of potential systematic errors.
We also did not account for all potential factors that may play a role in morbidity and mortality such as the use of non-invasive ventilation, which may have been used more in the morbidly obese group. Our database did not include the number of patients who received non-invasive ventilation. Despite all the limitations, we think that our data further ignites the debate about the relation between obesity and clinical outcomes and may pave the way for more studies to understand a potentially protective factor for obesity amongst ICU patients. We believe that a larger study with better matching of co-morbid conditions and treatment protocols may give us more insight in to the real impact of obesity on clinically relevant outcomes.
